ABSTRACT -Background -Swallowing coordination is affected by cortical and subcortical inputs from the central nervous system. Our hypothesis is that the swallowing dynamics may be influenced by gender. Aim -To evaluate the influence of gender on water swallowing dynamics. Methods -We studied 111 health subjects, 36 men, aged 24-77 years (mean: 46.3 ± 16.1 years) and 75 women, aged 22-75 years (mean: 39.6 ± 13.3 years). All volunteers swallowed in triplicate 50 mL of water at 4ºC while precisely timed, when we measured the time to swallow all the volume and counted the number of swallows. We calculated the inter-swallow interval: the time to complete the task, in seconds, divided by the number of swallows; swallowing velocity: volume drunk (mL) by the time taken (s); swallowing volume capacity: volume drunk (mL) divided by the number of swallows. Results -Women had a shorter inter-swallow interval, slower swallowing velocity and lower volume capacity than men. Conclusion -Gender has an effect on water swallowing dynamics, with women having a lower swallowing velocity and a lower volume capacity in each swallow than men.
INTRODUCTION
Swallowing is an activity that involves a complex sequential sensorimotor mechanism, with both volitional and reflexive components (4) . Impairment of swallowing is often followed by multiple complications, including aspiration pneumonia, malnutrition, dehydration and weight loss (18) . The physiological control of swallowing is done by the swallowing center, a complex organization of neural elements in the brainstem that is required to initiate and to coordinate the neuromuscular interactions that are involved in swallowing (3, 5) . Although cortical and subcortical inputs are not required for the pharyngeal and esophageal swallowing they influence the coordination of the events (5) . The oral swallow depends on a combination of voluntary and involuntary control of the position of lips, teeth, jaw, cheeks, and tongue (3) , and on the variables of the swallowed bolus (6) . This control may have differences caused by gender.
Our aim in this paper was to evaluate the effect of gender on water swallowing, using the timed swallowing test (2, 4, 10) .
METHODS
We studied 111 healthy subjects without swallowing complaints, without neurological diseases, with no previous surgery in the upper gastrointestinal tract, and with body mass index (BMI) less than 40 kg/m 2 ( Table 1) . They were 36 men, aged 24-77 years (mean: 46.3 ± 16.1 years), and 75 women, aged 22-75 years (mean: 39.6 ± 13.3 years). The study was approved by the Human Research Committee of the University Hospital of Ribeirão Preto, SP, Brazil. Written informed consent was obtained from all participants.
To evaluate swallowing we used the swallowing drink test previously described (2, 4, 10) . All subjects were evaluated in the sitting position. They were asked to drink 50 mL of water at 4º C from a plastic cup "as quickly and as comfortably as possible" while being precisely timed. The chronometer was started when the first drop of water touched the lip, and was stopped when the larynx of the volunteers came to rest and they breathed (4) . The volunteer performed sequential swallows without any breaks for breathing during each measurement. The swallowing test was performed in triplicate, with an interval between measurements of at least 30 seconds. All four researchers involved in the project had previous training in timing the swallows and counting the number of swallows, determined from the number of upper movements of the larynx. Each measurement was performed in the presence of at least two researcher. They had to agree in the moment of start and stop the chronometer and agree in the number of swallows.
In addition to the time and number of swallows needed to ingest 50 mL of water we calculated: a) inter-swallows interval: the time to complete the task, in seconds, divided by the number of swallows during We compared the results of men and women. The statistical analysis was performed at the Center of Quantitative Methods (CEMEQ) of the Medical School of Ribeirão Preto, with a linear model of multiple effects and the PROC Mixed of the SAS software version 9. The differences were considered significant when P <0.05. The results are shown in mean ± SD and median.
RESULTS
Comparisons of men and women revealed a shorter inter-swallow interval, slower swallowing velocity and lower volume capacity in women ( Table 2 , P <0.05). There was no influence of height on the swallowing measurements (P >0.18), considering that the men were taller (1.71 ± 0.08 m) than women (1.62 ± 0.06 m). There was also no influence of BMI (P >0.16) and age (P >0.15).
DISCUSSION
The results showed that women have a different swallowing dynamic compared with men. The ageing process, at least before 70 years, the BMI less than 40 kg/m 2 and height had no effect on this dynamic.
A previous study showed that, in healthy adults, average volume per swallow (volume capacity) and swallowing capacity (swallowing velocity) were greater in men than in women (10) , with a decline in both average volume per swallow and swallowing capacity being observed with ageing (10) . An effect of age on swallowing was described in the pharynx (8, 10) and esophagus (1, 9) , suggesting that the ageing process may alter the pharyngeal and esophageal function at an advanced age. Only nine of our volunteers had ages ranged from 70 to 77 years, when the effect of the aging process is more frequently seen (10) . 
BMI -body mass index
The difference between men and women might be related to a larger oral and pharyngeal cavity in men, allowing a large bolus volume to be swallowed. We did not find a correlation between height and any of the five variables measured. A previous study also found that height has little influence on swallowing (10) . It was observed difference between men and women in the duration of upper esophageal sphincter opening, with females having a longer opening duration, what may be a compensation for anatomic differences (11, 16) . The duration of oropharyngeal pressure is affected by age, gender and bolus type. Women have a longer duration of oropharyngeal pressure compared with men (15) . In the esophagus after wet swallows the duration of contractions is higher in women than in men at 5 cm above the lower esophageal sphincter, and the velocity of contractions in the middle esophagus is higher in men than in women, also with wet swallows (7) . Oropharyngeal perceptions of fluid viscosity deteriorates with increasing age, with men exhibiting a more marked deterioration in sensitivity than women (17) . Other possible explanations might be differences in coordination of swallowing and breathing, and differences in sensory input causing differential effects on swallowing physiology (4) . This input is conveyed via three cranial nerves innervating the muscles of swallowing and includes the trigeminal nerve, the glossopharyngeal nerve and the vagus nerve, whose superior laryngeal branch appears to be the most important for swallowing (3, 5) . To our knowledge, there is no evidence that the activity of these nerves, or the coordination between breathing and swallowing, differs between men and women. With swallows of a larger volumes of water (100 or 150 mL) than used here it is also possible to see differences between men and women in the volume capacity and swallowing velocity (10) . When the water drinking test was performed immediately after oral anesthesia no alteration in volume (swallowing) capacity, a decrease in swallowing velocity, and an increase in inter-swallow interval was observed compared to the baseline period without anesthesia (4) , showing that efferent inputs have an important role in the coordination of swallowing. Sensitivity is the explanation for the influence of the volume and consistency of the bolus on the oral and pharyngeal phases of swallowing (6) . The swallowing drinking test measures water ingestion and can separate patients with dysphagia at the level of disability from subjects without swallowing problems, but does not provide information about the nature or severity of the disease (12, 13, 14) . The test has good intra-individual reproducibility (2) but cannot be used to directly study aspiration risk (10) . It is easy to perform and is an inexpensive way to evaluate swallowing (2) .
The differences between men and women we found during the test may be important for the clinical treatment of dysphagia, which must consider these differences. It is possible that during recovery from a stroke women eat more slowly, with an increased number of swallows to eat a meal and having to receive a smaller bolus volume each time, when compared with a man in a similar situation. Women with an apparently more important disability during swallowing may not have a more intense compromise of the swallowing mechanism, but this apparent more important disability may be only an influence of gender. Further investigations is needed to test this hypothesis.
In conclusion, we found a gender effect on water swallowing dynamics, with women having a lower swallowing velocity and a lower volume capacity in each swallow than men. Alves 
